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METHOD AND DEVICE FOR SEPARATING SULPHUR DIOXIDE 

FROM A GAS 

Technical Field 

The present invention relates to a method of sepa- 
rating sulphur dioxide from a gas by means of an aqueous 
absorption liquid, in which method the gas is first pass- 
5 ed through a contact zone, in which the gas is mixed with 
a liquid flowing out of an outlet box, and is then passed 
upwards through an essentially horizontal apertured plate 
which is arranged beside the outlet box and on which a 
flowing layer of the absorption liquid is provided, 
10 The invention also relates to a device for sepa- 

rating sulphur dioxide from a gas by means of an aqueous 
absorption liquid, said device comprising 

a) an inlet for gas containing sulphur dioxide and 
an outlet for gas, from which sulphur dioxide has been 

15 separated, 

b) an essentially horizontal apertured plate which 
is mounted between the inlet and the outlet and which 

is arranged to allow passage from below of gas containing 
sulphur dioxide and to carry, on its upper side, a flow- 
20 ing layer of the absorption liquid, 

c) at least one outlet box which is arranged to be 
passed by liquid and which is arranged beside the aper- 
tured plate, 

d) a distributing means which is arranged in the 
25 outlet box to distribute liquid in the gas coming from 

the inlet, before the gas is passed upwards and through 
the apertured plate. 

Background Art 

30 Sulphur dioxide is a gas formed by oxidation of 

materials containing sulphur, such as coal, oil, natu- 
ral gas, industrial and' domestic waste and peat. Sulphur 
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dioxide can also be produced as a residual product in 
chemical processes, for instance in metallurgical pro- 
cesses. It is usually not allowed to emit large quanti- 
ties of sulphur dioxide into the atmosphere, and there- 
5 fore some kind of cleaning is necessary. One example is 
flue gas cleaning in power plants and other combustion 
plants. The flue gas generated in combustion in such 
plants is usually cleaned by, inter alia, absorption of 
sulphur dioxide in an absorption liquid. The absorption 

10 liquid may contain, for instance, water and one or more 
of the substances lime, limestone, dolomite, sodium 
hydroxide solution and similar substances, which are 
suitable for absorption of sulphur dioxide. 

WO 03/004137 discloses a method and a device for 

15 removing sulphur dioxide from a gas. In the method, the 
flue gas is passed upwards through an apertured plate 
with a flowing layer of an absorption liquid provided 
thereon. The absorption liquid that has flown along the 
apertured plate is collected and made to flow downwards 

20 to a container. The flue gas which is to be cleaned first 
passes through a contact zone, in which it is contacted 
with the absorption liquid flowing downwards from the 
apertured plate, and is then passed upwards through the 
apertured plate. In this manner, it is achieved that the 

25 flue gas is saturated with water vapour before it reaches 
the underside of the apertured plate. However, it has 
been found that the method according to WO 03/004137 
causes an unnecessarily high pressure drop in the contact 
zone . 

30 

Summary of the Invention 

The object of the present invention therefore is 
to provide an effective method of separating sulphur 
dioxide, in which method the above drawbacks of prior- 
35 art technique are eliminated or significantly reduced. 

According to the invention, this object is achieved 
by a method which is of the type stated by way of intro- 
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duction and characterised in that a coolant flow is fed 
to the outlet box to be passed therethrough and flow out 
in the contact zone, and an absorption liquid flow, which 
is essentially independent of the coolant flow, is fed 
5 to the apertured plate to form said flowing layer, which 
separates sulphur dioxide from the gas. 

An advantage of this method is that the coolant 
flow rate can be controlled according to what is neces- 
sary for sufficient cooling of incoming gas independent- 

10 ly of the absorption liquid flow rate. In connection with 
changes of the load, for instance flow rate, temperature 
and sulphur dioxide content of the gas, the two flow 
rates can, independently of each other, be controlled in 
such a manner that the necessary cooling and the separa- 

15 tion of sulphur dioxide, respectively, are achieved. A 

further advantage is that the method reduces the pressure 
drop in the gas since the coolant flow rate can be reduc- 
ed significantly compared with prior art and still pro- 
vide the necessary cooling. A further advantage is that 

20 the absorption liquid that has flown over the apertured 
plate is not used as a coolant, which is the case in 
prior art. Absorption liquid that has flown over the 
apertured plate has a high content of dissolved sulphur 
dioxide, which in a cooling process could be evaporated 

25 and in an undesirable manner again be mixed with the flue 
gas . 

According to a preferred embodiment, the outlet box 
is elongate and extends along a lateral edge of the aper- 
tured plate, the absorption liquid flow being passed over 

30 the apertured plate in a direction which is essentially 

parallel to the longitudinal direction of the outlet box. 
An elongate outlet box results in good cooling of the 
flue gas since the flue gas will have good contact with 
the liquid flowing out of the outlet box. The arrange- 

35 ment of the outlet box along the lateral edge of the 

apertured plate results in a very compact construction. 
The liquid that has flown out of the outlet box and which 
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is entrained by the flue gas will in an advantageous way 
wet the underside of the apertured plate and reduce the 
risk of incrustations • 

Preferably, the coolant flow flowing out of the 
5 outlet box is collected in a container containing liquid, 
whose liquid surface is located at a level below the con- 
tact zone, a passage, through which the gas is passed 
horizontally under the outlet box, extending between the 
liquid surface and the outlet box, and a parameter, which 

10 is representative of the level of the liquid surface, and 
thus the height of the passage, being controlled in such 
a manner that the average velocity of the gas in the pas- 
sage is in the range of 5-35 m/s . An advantage of this is 
that the conditions in the cooling process can be adjust- 

15 ed to the current load in such a manner that good cool- 
ing, good wetting of the underside of the apertured plate 
and a low pressure drop in the gas are achieved. 

According to a preferred embodiment, the coolant 
flow flowing out of the outlet box and the absorption 

20 liquid flow flowing out of the apertured plate are col- 
lected in a common container. An advantage of this embo- 
diment is that the method can be carried out in a simple 
and uncomplicated plant. According to a still more pre- 
ferred embodiment, the coolant flow and the absorption 

25 liquid flow are fed from the common container. An advan- 
tage of this embodiment is that the same liquid is used 
for cooling and absorption. Consequently this requires 
only one system for handling of liquid and no devices 
for keeping two different liquids separated. 

30 According to a preferred embodiment, the ratio of 

the hydrostatic liquid pressure in the outlet box to the 
pressure difference between a first point just before the 
contact zone and a second point above the liquid surface 
in the outlet box is controlled by means of the coolant 

35 flow rate in such a manner that said hydrostatic liquid 
pressure is greater than said pressure difference. By 
means of the coolant flow rate, the height of the liquid 
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column in the outlet box is thus adjusted in such a man- 
ner that flue gas cannot enter through the bottom of the 
outlet box. According to a still more preferred embodi- 
ment , the height of liquid in the outlet box is control- 
5 led in such a manner that, with regard to the coolant 
flow rate, a flow-out velocity suitable for cooling is 
achieved at the bottom of the outlet box. 

Preferably the flue gas is conducted essentially 
horizontally under the outlet box. An advantage of this 

10 is that the cooling of the flue gas will be effective 

since the flue gas has a horizontal flow direction when 
passing under the outlet box and through the contact zone 
generated under the outlet box. A further advantage is 
that the flue gas will be horizontally directed also when 

15 it reaches the apertured plate arranged beside the outlet 
box. This reduces the pressure drop and improves the 
distribution of the flue gas in the layer of absorption 
liquid flowing over the apertured plate. 

Another object of the present invention is to pro- 

20 vide a simple device for separating sulphur dioxide, in 
which device the above drawbacks of prior-art technique 
are eliminated or significantly reduced. According to the 
invention, this object is achieved by a device which is 
of the type stated by way of introduction and character- 

25 ised in that the device also comprises 

e) a first pumping means for feeding a coolant flow 
to the outlet box, 

f ) a second pumping means for feeding an absorp- 
tion liquid flow, which is essentially independent of 

30 the coolant flow, to the apertured plate for forming 
the flowing layer. 

An advantage of this device is that it has a wide 
range of capacity due to the fact that the coolant flow 
rate and the absorption liquid flow rate are independent 

35 of each other. As a result, the load, for instance flow 
rate, temperature, moisture content and sulphur dioxide 
content of the flue gas, can be allowed to vary within 
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wide limits without jeopardising the function of the 
device. For instance, setting of a suitable thickness 
of the layer of flowing liquid, which thickness gives a 
stable layer, can be made using merely the second pumping 
5 means without any interaction from the first pumping 

means. Another advantage is that the pressure drop in the 
flue gas will be low, which reduces the demands on the 
mechanical strength of the device. 

According to a preferred embodiment, a container 

10 is arranged to collect the coolant flow flowing out of 
the outlet box, the container containing liquid, whose 
liquid surface is located under the outlet box and thus 
forms a passage for gas between the liquid surface and 
the outlet box. The liquid surface makes it possible to 

15 control the height of the passage and, thus, also the 
velocity of the flue gas. 

According to a preferred embodiment, a common con- 
tainer is arranged to collect the coolant flow flowing 
out of the outlet box and the absorption liquid flow 

20 flowing out of the apertured plate. An advantage of this 
is that the device will be simple in terms of construc- 
tion. According to a still more preferred embodiment, 
the liquid surface in the container extends both under 
essentially the entire apertured plate and under essen- 

25 tially the entire outlet box. An advantage of this is 

that liquid flowing out of the outlet box and the aper- 
tured plate will be collected against a liquid surface. 
This prevents wear and wet-dry zones, which could be the 
result of the liquid being collected on, for instance, a 

30 metal surface. 

According to a preferred embodiment, the apertured 
plate has the shape of a rectangular plate with a first 
lateral edge which is parallel to the outlet box, and a 
second lateral edge which is perpendicular to the first 

35 lateral side edge, the first pumping means as well as the 
second pumping means consisting of mammoth pumps which 
are arranged in succession along a line parallel to the 



WO 2005/007274 



PCT/SE2004/000975 



7 

second lateral edge. An advantage of this embodiment is 
that mammoth pumps can pump liquids with high contents 
of suspended solids, without being subjected to signifi- 
cantly increased wear. High contents of suspended solids 
5 give the advantage that the device will be smaller and 
less expensive since a smaller container volume is 
required for a certain amount of solids. A mammoth pump 
operated by compressed air performs oxidation of unoxi- 
dised substances in the liquid, such as sulphite ions, 

10 simultaneously with the liquid transport. The rectangular 
shape of the apertured plate together with the mammoth 
pumps arranged along a line perpendicular to the longi- 
tudinal direction of the outlet box result in an espe- 
cially compact construction. 

15 According to a preferred embodiment, the apertured 

plate has the shape of a rectangular plate which is 
divided into two parts by the second pumping means, which 
seen from above has the form of an elongate mammoth pump, 
which is arranged to distribute the absorption liquid 

20 flow over the two parts, the outlet box being elongate 

and arranged along a first lateral edge of the apertured 
plate and forming an essentially right angle to the lon- 
gitudinal direction of the mammoth pump. Since absorption 
liquid is conducted in two opposite directions over the 

25 two parts of the apertured plate, absorption liquid pump- 
ed by the mammoth pump will travel a shorter distance 
over the apertured plate. This results in a reduced pres- 
sure drop in the gas and improved separation of sulphur 
dioxide . 

30 According to a still more preferred embodiment, the 

device has a first and a second apertured plate which 
each have the shape of a substantially rectangular plate, 
which is divided into two parts by a second pumping means 
each, seen from above, in the form of an elongate mammoth 

35 pump, which is arranged to distribute the absorption 
liquid flow over the two parts, a first and a second 
elongate outlet box being arranged along a first lateral 
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edge of the first and the second apertured plate respec- 
tively and forming a substantially right angle to the 
longitudinal direction of the respective mammoth pumps , 
an inlet gap for incoming gas extending between the two 
5 outlet boxes. This embodiment results in an especially 
compact and simple construction. 

According to another embodiment, the device has a 
first container, which is arranged to collect the coolant 
flow flowing out of the outlet box, and a second con- 

10 tainer, which is arranged to collect at least part of 

the absorption liquid flow flowing out of the apertured 
plate. An advantage of this embodiment is that the level 
of liquid in the two containers can be set independently 
of each other. According to another preferred embodiment, 

15 the device has a third pumping means which pumps liquid 
from the first container to the second container. This 
has the advantage that the level in the first container 
can be lower than the level in the first container. 
According to another preferred embodiment of this device, 

20 the first pumping means and the second pumping means are 
arranged to feed the coolant flow and the absorption 
liquid flow, respectively, from the second container. 
This embodiment gives a compact and inexpensive design 
since only one liquid is to be handled in the device. 

25 According to a preferred embodiment, the distribut- 

ing means comprises at least one nozzle, whose character- 
istic measure, such as a minimum hole diameter (D) or a 
minimum gap width (V), is 1-8 cm. These measures have 
been found to give good distribution of the liquid in the 

30 gas. 

According to a preferred embodiment, the outlet box 
has a bottom which is located essentially on the same 
level as the underside of the apertured plate. An advan- 
tage of this is that the bottom of the outlet box and the 
35 bottom of the apertured plate will be aligned with each 
other. This results in a lower pressure drop in the gas 
since the surface under which the gas is conducted does 
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not have any projecting portions. A further advantage is 
that, when the coolant and the absorption liquid are col- 
lected in a common tank, the height to which the absorp- 
tion liquid must be pumped for the apertured plate to be 
5 reached will be lower compared with the cases, like in 
prior-art technique, when the bottom of the outlet box 
is positioned a distance below the underside of the aper- 
tured plate. 

Additional advantages and features of the invention 
10 will be evident from the following description and the 
appended claims. 

Brief Description of the Drawings 

The invention will now be described in more detail 
15 by way of a number of embodiments and with reference to 
the accompanying drawings. 

Fig. 1 is a sectional view in the horizontal plane 
and schematically illustrates a device according to the 
invention. 

20 Fig. 2 is a sectional view in the vertical plane and 

shows section II-II in Fig. 1. 

Fig. 3 is a sectional view in the vertical plane and 
shows section III-III in Fig. 1. 

Fig. 4 is a sectional view in the vertical plane and 
25 shows section IV-IV in Fig. 1. 

Fig. 5a is a top plan view and shows the area V in 
Fig. 1. 

Fig. 5b. is a top plan view and shows an alternative 
embodiment of a bottom of an outlet box. 
30 Fig. 6 is a sectional view in perspective and shows 

a device according to a second embodiment of the inven- 
tion . 

Fig. 7 is a sectional view in the horizontal plane 
and schematically illustrates a device according to a 
35 third embodiment of the invention. 

Fig. 8 is a sectional view in perspective and illu- 
strates the device shown in Fig. 7. 
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Fig. 9 is a sectional view in perspective and illu- 
strates an inlet and outlets for gas in the device shown 
in Fig. 7. 

Fig. 10 is a sectional view in the vertical plane 
and schematically shows a device according to a fourth 
embodiment of the invention. 

Fig. 11 is a sectional view in the horizontal plane 
and schematically shows a device according to a fifth 
embodiment of the invention. 

Fig. 12a is a sectional view in the vertical plane 
and shows section XII-XII in Fig. 11. 

Fig. 12b is an enlarged partial view in the vertical 
plane and illustrates the area Xllb shown in Fig. 12a. 

Fig. 13 is a sectional view in the vertical plane 
and schematically shows a device according to a sixth 
embodiment of the invention. 

Description of Preferred Embodiments 

Fig. 1 shows schematically a device 1 according to 
20 the present invention. The device 1 has an inlet 2 for 

flue gas 4 from a boiler (not shown) . As is best seen in 
Fig. 2, the flue gas 4 is in a first step passed through 
a contact zone 6. In the contact zone 6 the flue gas 4 
is mixed with a liquid in such a manner that the gas is 
25 cooled and essentially saturated with water vapour by 
part of the liquid being evaporated. The flue gas 4 is 
then passed on to a horizontal rectangular apertured 
plate 8 . The apertured plate 8 has a number of evenly 
distributed holes 10 , through which the flue gas 4 can 
30 pass. On its upper side 12 the apertured plate 8 carries 
a flowing layer 14 of absorption liquid. As the flue gas 
4 passes through the flowing layer 14 of absorption 
liquid, sulphur dioxide is separated from the flue gas 4. 
The cleaned flue gas 16 leaves the device 1 through an 
35 outlet 18 for cleaned flue gas 16. 

The contact zone 6 is supplied with liquid from an 
elongate outlet box 20. The outlet box 20, which extends 
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along a first lateral edge 22 of the apertured plate 8 
and is open upwards, has an elongate side wall 24 which 
separates the outlet box 20 from the flowing layer 14 of 
absorption liquid. The outlet box 20 is defined towards 
5 the gas inlet 2 by an elongate double-walled guide rail 
26 which is provided with insulation 28 for preventing 
liquid condensation in the gas inlet 2. The outlet box 20 
has a bottom 30 which is provided with distributing means 
in the form of nozzles 32. The nozzles 32 are adapted to 
10 distribute liquid, which is indicated by an arrow CL in 

Fig. 2 and which flows down towards the bottom 30 and out 
through the outlet box 20, in the contact zone 6 and thus 
contact the liquid with the flue gas 4 which is conducted 
horizontally under the bottom 30 of the outlet box 20. 
15 The liquid which flows out of the outlet box 20 and has 
not been evaporated is collected in a container 34. The 
liquid 36 in the container 34 has a liquid surface 38 
which extends under essentially the entire apertured 
plate 8 and also under essentially the entire outlet box 
20 20. Between the bottom 30 of the outlet box 20 and the 

liquid surface 38 there is a passage in the form of a gap 
4 0 through which the flue gas 4 can pass. As is evident, 
the flue gas 4 will act on a flow of liquid 42 leaving 
the nozzles 32, in such a manner that this flow 42 will 
25 not be vertical but deflected at the lower edge. It is 
important for the flow 42 to be so heavy in terms of 
droplet size and flow rate that a dense liquid curtain is 
provided all the way from the outlet box 20 to the liquid 
surface 38. The gap 40 between the liquid surface 38 and 
30 the outlet box 20 has at the nozzles 32 a height H which 
is controlled by the liquid level in the container 34, 
i.e. the position of the liquid surface 38. At a certain 
flow rate of flue gas 4, a certain height H will result 
in a certain velocity of the gas 4 in the gap 40. It has 
35 been found that this gas velocity should not exceed about 
35 m/s. At higher gas velocities, the pressure drop in 
the gap 40 increases. A still greater drawback at higher 
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velocities is that the flue gas 4 will entrain the major 
part of the liquid leaving the nozzles 32. This increases 
the pressure drop in the space 4 4 formed between the 
liquid surface 38 and the apertured plate 8 and fills the 
5 holes 10 with liquid, whereby the pressure drop increases 
also in these. The gas velocity in the gap 40 should be 
higher than about 5 m/s to ensure good contact between 
the flue gas 4 and the liquid distributed by the nozzles 
32. Also at about 5 m/s, the flue gas 4 will entrain part 

10 of the liquid that is distributed by the nozzles 32. How- 
ever, this is an advantage since the entrained liquid 
will wet the underside 4 6 of the apertured plate 8 and 
reduce the risk of incrustations on the underside 46. As 
is evident from Fig. 2, the bottom 30 of the outlet box 

15 20 and the underside 46 of the apertured plate 8 are 

located in essentially the same horizontal plane. This 
gives, together with the rounded shape of the guide rail 
26, a low pressure drop in the flue gas 4. 

The outlet box 20 is designed in such a manner that 

20 a desired flow of liquid leaves the nozzles 32. To pre- 
vent the flue gas 4 from passing through the nozzles 32 
instead of through the holes 10, the outlet box must have 
a certain hydrostatic pressure Pi- A pressure difference 
dP r in the flue gas can be measured from a point A, which 

25 is located just before the contact zone 6, and a point B, 
which is located just above the liquid surface 4 8 in the 
outlet box 20. The hydrostatic pressure Pi in the outlet 
box 20 can then be calculated as a height h]_, from the 
bottom 30 of the outlet box 20 to the liquid surface 48 

30 straight above the bottom 30, multiplied by the density 
of the liquid in the outlet box 20 and the acceleration 
due to gravity g. To prevent flue gas from passing 
through the nozzles 32, Pi must be greater than dP r . The 
liquid leaving the nozzles 32 must have a certain velo- 

35 city to provide good contact between this liquid and the 
flue gas 4 in the contact zone 6. It has been found that 
a liquid velocity of 0.2-3 m/s is appropriate. To provide 
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this liquid velocity, the hydrostatic pressure Pi in the 
outlet box 20 must be significantly greater than dP r . 
It has been found that a height hi, which is at least 
about 100 mm higher than the height required to merely 
5 correspond to dP r , is appropriate to provide the above- 
mentioned liquid velocity- It will also be appreciated 
that, at a small height H, a high pressure drop is 
obtained in the gap 40, which increases the pressure 
difference dP r , which in turn requires a great height hi 
10 in the outlet box 20. 

Fig. 3 shows a first pumping means in the form of a 
first mammoth pump 50. The mammoth pump 50 has a vertical 
tube 52 which extends vertically upwards from a level 
just above the bottom 54 of the container 34 to the out- 
15 let box 20. The mammoth pump 50 also has a number of air 
nozzles 56 which are arranged vertically under the tube 
52 and which through a conduit 58 with a control valve 60 
arranged on the same is supplied with compressed air. The 
compressed air lowers the density of the liquid 36 and 
20 provides an upward liquid flow, indicated by an arrow CF, 
in the tube 52. This upward liquid flow will reach the 
outlet box 20 and be distributed in the same and then 
flow out in the contact zone 6, as described above. The 
liquid flow generated by the mammoth pump 50 can thus be 
25 called coolant flow since in the contact zone 6 it will 
flow out and cool the incoming flue gas 4 . This coolant 
flow generated by the first mammoth pump 50 suitably cor- 
responds to an L/G (i.e. liquid flow rate relative to gas 
flow rate) of about 2-5 litres liquid/m 3 flue gas. The 
30 control valve 60 is adjusted in such a manner that the 

height hi in the outlet box 20 results in a suitable L/G 
and a suitable flow-out velocity from the nozzles 32. A 
typical value of hi is 0.5-1 m. Thus the valve 60 can be 
used to adjust the coolant flow rate according to the 
35 flow rate of the flue gas 4 and also according to the 

temperature and water content of the flue gas 4 in such 
a manner that sufficient cooling of the flue gas 4 and 
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sufficient wetting of the underside 4 6 of the apertured 
plate 8 are provided. The width w of the outlet box 20, 
which is evident from Fig. 2, should at least in the 
upper portion of the outlet box 20 be sufficient for air 
5 bubbles coming along from the mammoth pump 50 to find 
their way to the liquid surface 48 instead of being 
entrained downwards by the liquid. To this end, the ver- 
tical downwardly directed liquid velocity in the outlet 
box 20 is suitably about 1 m/s maximum, preferably about 

10 0.5 m/s maximum. Such a velocity has been found suitable 
to provide good deareation of the liquid, which also 
increases the density of the liquid. The selection of 
w is also influenced by the conditions that the longitu- 
dinally directed horizontal velocity in the outlet box 20 

15 should not be too high, and that the interior of the out- 
let box 20 should be accessible for inspection and main- 
tenance . 

As shown in Fig. 3, the device 1 also has a second 
pumping means in the form of an elongate second mammoth 

20 pump 62. The mammoth pump 62 has a vertical tube 64 which 
extends vertically upwards from a level just above the 
bottom 54 of the container 34 to the upper side 12 of the 
apertured plate 8. The mammoth pump 62 also has a number 
of air nozzles 66 which are arranged vertically under 

25 the tube 64 and which through a conduit 68 with a con- 
trol valve 70 arranged on the same are supplied with com- 
pressed air. The compressed air lowers the density of the 
liquid 36 and provides an upward liquid flow, indicated 
by an arrow AF, in the tube 64. This upward liquid flow 

30 will reach the upper side 12 of the apertured plate 8 and 
form the layer 14 flowing horizontally over the apertured 
plate 8 . The liquid flow generated by the mammoth pump 62 
can thus be called absorption liquid flow since on the 
apertured plate 8 it will separate and absorb sulphur 

35 dioxide from the incoming flue gas 4. The absorption 

liquid flow generated by the second mammoth pump 62 suit- 
ably corresponds to an L/G (i.e. liquid flow rate rela- 
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tive to gas flow rate) of about 10-50 litres absorption 
liquid/m 3 flue gas and usually about 15-30 litres absorp- 
tion liquid/m 3 flue gas. The control valve 70 is control- 
led in such a manner that the layer 14 will have a suffi- 
5 cient thickness to be able to separate the desired amount 
of sulphur dioxide from the flue gas. A typical thickness 
of the layer 14 is 0.2-0.3 m, i.e. considerably smaller 
than the typical liquid height hi in the outlet box 20. 
The valve 70 is used to adjust the absorption liquid flow 

10 rate according to the flow rate of the flue gas 4 and the 
sulphur dioxide content of the flue gas 4 in such a man- 
ner that a stable layer 14 is obtained and sufficient 
separation of sulphur dioxide is provided. Thus the first 
mammoth pump 50 and the second mammoth pump 62 can be 

15 controlled independently of each other to generate a 

coolant flow which is adapted to cool the current flue 
gas 4 and, respectively, an absorption liquid flow rate 
which is independent of the coolant flow rate and is 
adapted to separate sulphur dioxide from the current flue 

20 gas 4. 

The liquid 3 6 is an absorption liquid which essen- 
tially consists of a mixture of limestone, which is sup- 
plied to the container 34 from a storage (not shown) of 
a limestone suspension, and water and also gypsum and 

25 calcium sulphite formed in the separation of sulphur 

dioxide from the flue gas 4. The absorption liquid 36 can 
be prepared, for instance, in the manner disclosed in the 
WO 96/00122. As is evident from Fig. 3, both the coolant 
flow and the absorption liquid flow are supplied from the 

30 container 34. Thus both the coolant flow and the absorp- 
tion liquid flow consist of absorption liquid 36. The 
content of solids in the absorption liquid can be as high 
as 20-30% by weight and, in some cases, higher than 30% 
by weight thanks to the mammoth pumps 50, 62 not having 

35 any movable parts which can be subjected to increased 
wear in case of high solids contents. 
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Fig. 4 shows how the elongate mammoth pump 62 is 
arranged along a second lateral edge 72 of the rec- 
tangular apertured plate 8, which second lateral edge 
72 forms a right angle to the first lateral edge 22 and 
5 hence also to the longitudinal direction of the outlet 
box 20. Thus, the first mammoth pump 50 and the second 
mammoth pump 62 are arranged in succession along a line 
parallel to the second lateral edge 72 , which is also 
evident from Fig. 1. 

10 It is also evident from Fig. 4 how the layer 14 of 

absorption liquid is passed horizontally over the aper- 
tured plate 8 from the second mammoth pump 62 in a direc- 
tion, indicated by an arrow AL, that is parallel to the 
longitudinal direction of the elongate outlet box 20. 

15 This results in a crosscurrent relationship between the 
flow of flue gas 4 and the layer 14 of absorption liquid 
flowing over the apertured plate 8. A guide rail 7 6 is 
attached to a third lateral edge 74 opposite to the 
second lateral edge 72. The guide rail 7 6 extends from 

20 the apertured plate 8 and down under the liquid surface 

38 in order to prevent the flue gas 4 from passing beside 
the apertured plate 8. Absorption liquid that has flown 
over the apertured plate 8 will at the third lateral edge 
74 flow downwards along the guide rail 7 6 and be collect- 

25 ed in the container 34. At the second lateral edge 72 an 
inlet zone 78 will thus be formed for absorption liquid, 
which is fed to the apertured plate 8 and, at the third 
lateral edge 74 , an outlet zone 80 will be formed for 
absorption liquid, which leaves the apertured plate 8 . 

30 Thus the absorption liquid 36 will be passed over the 
upper side 12 of the apertured plate 8 so as then, 
through the outlet zone 80, to be recirculated to the 
container 34 and treated with air for oxidation of sul- 
phite before the absorption liquid 36 is again conducted 

35 as an absorption liquid flow to the upper side 12 of the 
apertured plate 8, or as a coolant flow to the outlet box 
20. This prevents sulphur dioxide from being evaporated 
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from the absorption liquid, which could have been the 
case if absorption liquid with a high sulphite content 
had been used for cooling in the contact zone 6. The low 
sulphite content of the coolant flow now instead results 

5 in the liquid flow 42 providing a certain absorption of 
sulphur dioxide in the contact zone 6. 

A certain amount of absorption liquid will also 
flow downwards through the holes 10 and be collected in 
the container 34. The container 34 , which extends both 

10 under the entire apertured plate 8 and under essentially 
the entire outlet box 20, thus is a collecting container 
which is common to the coolant flow that has flown out of 
the outlet box 20 and the absorption liquid flow that has 
flown over the apertured plate 8 and which collects the 

15 liquid flowing out of the outlet box 20 as well as the 

absorption liquid flowing from the layer 14 down through 
the holes 10 and the absorption liquid that has reached 
the outlet zone 80. 

In absorption of sulphur dioxide in an absorption 

20 liquid containing limestone, calcium sulphite is formed. 
This should be converted into calcium sulphate, i.e. gyp- 
sum, to provide a reusable residual product and to mini- 
mise the risk of incrustations in the device, especially 
on the apertured plate 8. The compressed air flow used in 

25 the two mammoth pumps 50, 62 corresponds to an admixture 
of air of about 20-25% to the liquid that is fed upwards 
in the respective mammoth pumps 50, 62. In most cases, 
this amount of air is sufficient to oxidise formed cal- 
cium sulphite into gypsum. In some cases, for instance 

30 when the flue gas 4 itself has a very low oxygen content, 
it may be convenient to use a separate oxidation device 
82, which by means of nozzles 8 4 supplies extra oxidation 
air to the absorption liquid 36 in the container 34. 

Fig. 5a shows the area V, indicated in Fig. 1, of 

35 the bottom 30 of the outlet box 20. The bottom 30 is pro- 
vided with a first, seen in the horizontal flow direction 
of the flue gas 4, row 86 of nozzles 32 and a second, 
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seen in said flow direction, row 88 of nozzles 32. The 
nozzles 32 have the form of circular holes. The shape of 
the circular holes can be cylindrical or, at one end, be 
rounded, bevelled or have some other form suitable for 
5 nozzles. The smallest diameter D, i.e. the narrowest 

cross-section in the nozzles 32, should be about 1-8 cm, 
preferably about 1-5 cm. With a diameter smaller than 
about 1 cm, droplets are obtained in the contact between 
the coolant flow and the flue gas 4, which are so small 

10 that they are to a great extent entrained by the flue gas 
4 and cause an increased pressure drop and reduced cool- 
ing of the flue gas. With nozzles 32 having a diameter 
greater than about 8 cm, a poor contact is obtained 
between the coolant flow and the flue gas 4, the satu- 

15 ration of the flue gas with water vapour being insuffi- 
cient. As is evident from Fig. 5a, the nozzles 32 in the 
row 86 are offset relative to the nozzles 32 in the row 
88. The purpose is to prevent bands of flue gas 4 from 
passing the contact zone 6 without water vapour being 

20 added. 

Fig. 5b shows an alternative embodiment of the bot- 
tom 30 shown in Fig. 5a. The bottom 130 shown in Fig. 5b 
has a first, seen in the horizontal flow direction of 
the flue gas 4, gap 132 and a second, seen in said flow 

25 direction, gap 133. The two gaps 132, 133 overlap each 
other to prevent bands of flue gas 4 from passing the 
contact zone 6 without coming into contact with the 
coolant flow. The smallest gap width V, i.e. the narrow- 
est cross-section in the gap 132, 133, should be about 

30 1-5 cm for the same reasons as stated above for the cir- 
cular nozzles 32. 

Fig. 6 illustrates a second embodiment of the inven- 
tion in the form of a device 100. The device 100 differs 
from the device 1 by having a rectangular apertured plate 

35 108, which is essentially of the same type as the aper- 
tured plate 8 described above, but which is divided into 
a first part 109 and a second part 111. Along the two 
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parts 109, 111, and more specifically along a first late- 
ral edge 122 of the apertured plate 108, extends an elon- 
gate outlet box 120 • The outlet box 120 is supplied with 
a coolant flow by a first mammoth pump 150 mounted cen- 
5 trally on the outlet box 120. A centrally mounted, elon- 
gate second mammoth pump 162, which is aligned with the 
first mammoth pump 150 and perpendicular to the longitu- 
dinal direction of the outlet box 120, opens between the 
two parts 109, 111 of the apertured plate 108 and sup- 
10 plies an absorption liquid flow to each of the two parts. 
Flue gas will be supplied horizontally under the outlet 
box 120 on each side of the first mammoth pump 150 and 
will in a first step be cooled by a coolant flow flowing 
out of the outlet box 120. The flue gas will then pass 
15 upwards through the parts 109, 111 of the apertured plate 
108 and the layer of absorption liquid flowing thereon 
(not shown in Fig. 6) . 

A container 134, which is a common collecting con- 
tainer and extends both under the entire apertured plate 
20 108 and under the entire outlet box 120, collects the 
coolant flow that has flown out of the outlet box 120 
and the absorption liquid flow that has flown over the 
apertured plate 108. Each part 109, 111 is provided with 
a guide rail 176, 177 that prevents flue gas from passing 
25 beside the respective parts 109, 111. 

Figs 7-9 illustrate a third embodiment of the inven- 
tion in the form of a device 200. As is evident from 
Fig. 7, the device 200 has a first apertured plate 208A, 
which is divided into a first part 209A and a second part 
30 211A, and a second apertured plate 208B, which is divided 
into a first part 209B and a second part 211B. A first 
elongate outlet box 220A is arranged along a first late- 
ral edge 222A of the first apertured plate 208A, which is 
also to be seen in Fig. 8. A second elongate outlet box 
35 220B is arranged along a first lateral edge 222B of the 

second apertured plate 208B. Between the two outlet boxes 
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220A, 220B, which are oriented towards each other, a gap 
221 is formed, in which a gas inlet 202 opens. 

The outlet box 220A is supplied with a coolant flow 
by a first mammoth pump 250A mounted centrally on the 
5 outlet box 220A. A centrally mounted, elongate second 
mammoth pump 2 62A, which is aligned with the first mam- 
moth pump 250A and is perpendicular to the longitudinal 
direction of the outlet box 220A, opens between the two 
parts 209A, 211A of the apertured plate 208A and sup- 

10 plies each of the two parts 209A, 211A with an absorp- 
tion liquid flow, illustrated by arrows in Fig. 7. Cor- 
respondingly, the second outlet box 220B is supplied by 
a first mammoth pump 250B and the second apertured plate 
208B by an elongate second mammoth pump 262B. 

15 The flue gas 204, which through the inlet 202, which 

is best seen in Fig. 9, is supplied to the gap 221, will 
be distributed between the first and the second outlet 
box 220A, 220B and cooled by the respective coolant flows 
when passing horizontally under the respective outlet 

20 boxes 220A, 220B. The flue gas 204 will then pass through 
the layers (not shown in Figs 7-9) of absorption liquid 
provided on the parts 209A, 211A and 209B, 211B respec- 
tively, whereby sulphur dioxide is separated. The pres- 
sure drop in the gas across the layers of absorption 

25 liquid provided on the parts 209A, 211A, 209B, 211B is 
considerably greater than the pressure drop across the 
outlet boxes 220A, 220B. A control which ensures that the 
respective second mammoth pumps 2 62A, 2 62B pump a flow 
of the same size to the first apertured plate 208A and 

30 to the second apertured plate 208B, i.e. that the layers 
will have the same thickness on both apertured plates 
208A, 208B, will also ensure that the flue gas 204 will 
be evenly distributed between the two outlet boxes 220A, 
220B. The cleaned flue gas 216 then leaves the device 200 

35 through outlets 218 for gas arranged on both sides of the 
inlet 202. The coolant flows that have flown out of the 
respective outlet boxes 220A, 220B and the absorption 
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liquid flows that have flown out of the respective parts 
209A, 211A, 209B, 211B are collected in a common con- 
tainer 234 , from which the liquid is again fed by the 
respective mammoth pumps 250A, 262A, 250B, 262B. 
5 Fig. 10 shows a fourth embodiment of the invention 

in the form of a device 300. Flue gas 304 is introduced 
into the device 300 through an inlet 302. In a first 
step, the flue gas is cooled and saturated with water 
vapour when passing horizontally under an outlet box 320 

10 which is of essentially the same type as the outlet box 
20 that is shown in Figs 1 and 3. The flue gas is then 
passed upwards through an apertured plate 308 and passes 
through a flowing layer 314 of absorption liquid provided 
thereon, whereby sulphur dioxide is separated. Cleaned 

15 flue gas 316 leaves the device through an outlet 318. 

Liquid flowing out of the outlet box 320 is collected in 
a first container 334. The container 334 is provided with 
a recirculation pump 351, which advantageously can be a 
mammoth pump and which through a conduit 353 feeds liquid 

20 from the first container 334 to the layer 314. The con- 
tainer 334 contains liquid 336, whose liquid surface 338 
is located under the outlet box 320. Between the liquid 
surface 338 and the bottom of the outlet box 320 a gap 
340 is thus formed, through which the flue gas 304 must 

25 pass. The level of the liquid surface 338, and thus the 
width of the gap 340, can be controlled by means of the 
recirculation pump 351 in such a manner that a gas velo- 
city is provided, which is suitable for the cooling of 
the flue gas 304 by the liquid flowing out of the outlet 

30 box 320. The outlet box 320 is supplied with a coolant 
flow in the form of absorption liquid 336 from a second 
container 335. A first pump 350, which can be a mammoth 
pump, feeds through a conduit 352 the absorption liquid 
336, corresponding to an L/G of about 2-5 1/m 3 flue gas, 

35 from the second container 335 to the outlet box 320. A 

second pump in the form of a mammoth pump 362, which com- 
prises compressed air nozzles 366, a compressed air line 
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368 and a control valve 370, feeds an absorption liquid 
flow in the form of absorption liquid 336 from the second 
container 335 to the flowing layer 314 and over the aper- 
tured plate 308. The absorption liquid flow pumped by the 
5 mammoth pump 362 corresponds to about 15-30 1/m 3 flue 
gas. At an end, opposite to the second pump 362, of the 
apertured plate 308 a return conduit 380 is arranged, 
which recirculates the absorption liquid to the second 
container 335. Thus the recirculation pump 351 will pump 
10 liquid from the first container 334 to the second con- 
tainer 335 via the layer 314 and the return conduit 380. 
The absorption liquid which possibly flows through the 
holes of the apertured plate 308, not shown in Fig. 10, 
is collected on an inclined bottom 381 and passed to the 
15 first container 334. The level in the second container 
335, can independently of the level in the first con- 
tainer 334, be set at a level, usually higher than the 
level in the first container 334, which means that a 
minimum of pumping work is required to generate the layer 
20 314 and also the coolant flow to the outlet box 320. 

Figs 11, 12a and 12b illustrate a fifth embodiment 
of the invention in the form of a device 4 00. The device 
400 bears great resemblance to the device 1 shown in 
Figs 1-4 and the parts of the device 4 00 which have 
25 direct equivalences in the device 1 have therefore been 

given the same designations and will here not be describ- 
ed in more detail. In the device 4 00 shown in Fig. 11, 
a flowing layer 414 of absorption liquid is passed hori- 
zontally over the rectangular apertured plate 8 in the 
30 direction of arrow AL for the purpose of separating sul- 
phur dioxide from the flue gas 4 which passes through the 
flowing layer 414. The flowing layer 414 is fed to the 
apertured plate 8 in the manner as described above with 
reference, above all, to Fig. 3. 
35 Fig. 12a illustrates an outlet zone 480, which is 

formed between the guide rail 7 6 attached to the third 
lateral edge 74 of the apertured plate 8 and a vertical 
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wall 490 positioned opposite to the lateral edge 7 4 , in 
the device 4 00. In the outlet zone 480 , where the absorp- 
tion liquid leaves the apertured plate 8 to flow down 
into the container 34 , a throttle valve 4 92 is arranged 
5 horizontally and adapted to be turned by a motor 4 93 

shown in Fig. 11. The throttle valve 4 92 has a horizontal 
shaft 494 , which extends parallel to the third lateral 
edge 74 and which, as best seen in Fig. 12b, has a first 
flap blade 495 and a second flap blade 496, said flap 

10 blades 495, 496 extending along a common plane. Thus the 
motor 493 is arranged to turn the throttle valve 492 on 
the horizontal shaft 494. 

Fig. 12b shows the angle a which is formed between 
the flap blades 495, 496 and the horizontal plane. As can 

15 be seen, a first constriction 4 97 is formed between the 
first blade 4 95 and the guide rail 7 6, and a second con- 
striction 4 98 is formed between the second blade 496 and 
the wall 490. The pressure drop which the absorption 
liquid must overcome to flow through the outlet zone 480 

20 and down into the container 34 is dependent on the width 
of these constrictions 497, 498. By means of the motor 
4 93, the angle a and thus the width of the constrictions 
4 97 and 4 98 can be set. At a small angle a, for instance 
an angle a of about 20-30°, the width of the constric- 

25 tions 497, 498 will be small. The absorption liquid will 
thus be subjected to a high pressure drop when it should 
flow through the outlet zone 480 and down into the con- 
tainer 34, and thus the thickness of the layer 414 will 
increase until equilibrium is achieved between the thick- 

30 ness of the layer 414 and the pressure drop in the con- 
strictions 497, 498. If a smaller thickness of the layer 
414 is desired, the angle a is increased by means of the 
motor 4 93 which turns the shaft 4 94 and thus the flap 
blades 495 and 496, for instance to an angle a of about 

35 40-50°, thereby increasing the width of the constrictions 
497 and 498 so that the pressure drop decreases, in which 
case the absorption liquid is subjected to a lower pres- 
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sure drop when it should flow through the outlet zone 480 
and down to the container 34. Thus, the throttle valve 
4 92 shown in Figs 11, 12a and 12b provides a further pos- 
sibility of adjusting the thickness of the layer 414. 
5 This adjustment has its greatest effect on the thickness 
T of the layer 414 next to the outlet zone 480. An advan- 
tage of the throttle valve 4 92 thus is that it improves 
the control of the thickness of the layer 414 and, thus, 
is complementary to the control of the mammoth pump 62 to 

10 provide the thickness of the layer 414 that gives suffi- 
cient separation of sulphur dioxide in the current case 
of operation. A further advantage is that a thickness of 
the layer 414 will be more even seen over the entire 
apertured plate 8, which reduces the risk that the sepa- 

15 ration of sulphur dioxide will be low in the area next to 
the outlet zone 480. 

Fig. 13 illustrates, in a sectional view essentially 
corresponding to the sectional view shown in Fig. 4, a 
sixth embodiment of the invention in the form of a device 

20 500. The device 500 bears great resemblance to the device 
1 shown in Figs 1-4 and the parts of the device 500 which 
have direct equivalences in the device 1 have therefore 
been given the same designations and will here not be 
described in more detail. In the device 500 shown in 

25 Fig. 13, a flowing layer 514 of absorption liquid is 

passed horizontally over the rectangular apertured plate 
8 in the direction of arrow AL from an inlet zone 578 to 
the outlet zone 8 0 for the purpose of separating sulphur 
dioxide from the flue gas 4 passing through the flowing 

30 layer 514. From a vertical wall 590 located opposite to 
the second lateral edge 72 extends a guide rail 592 in 
the outlet zone 578. The guide rail 592 extends essen- 
tially horizontally from the wall 590 towards the aper- 
tured plate 8 at a level, in the vertical direction, 

35 above the apertured plate 8. As shown in Fig. 13, the 
guide rail 592 is arcuate. The upward liquid flow AF, 
which is generated by the mammoth pump 62, will be 
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deflected by the guide rail 592 from a vertical flow 
direction to a horizontal flow direction and form the 
flow AL which is conducted over the apertured plate 8 . 
The guide rail 592 will damp the pulsations that often 
5 arise in a mammoth pump and will result in the mammoth 
pump 62 generating an even flow over the apertured plate 
8. Furthermore, the deflection will cause, by means of 
the guide rail 592 , that the absorption liquid flow, 
that has a vertical velocity in the tube 64, will obtain 

10 a higher initial horizontal velocity when leaving the 

outlet zone 578 and being passed over the apertured plate 
8. This helps to make the thickness of the layer 514 
more even over the entire apertured plate 8 . It will be 
appreciated that guide rails of the type illustrated in 

15 Fig. 13 are also suited for use in the type of devices 
100 and 200 as shown in Fig. 6 and Figs 7-9 respective- 
ly. For instance, in the device 100 there are suitably 
arranged a first guide rail extending towards the first 
part 109 of the apertured plate 108 and a second guide 

20 rail extending towards the second part 111 of the aper- 
tured plate 108. In the device 100 shown in Fig. 6, such 
guide rails would have the additional function of improv- 
ing the distribution of the absorption liquid flow 
between the first part 109 and the second part 111. Of 

25 course, it is also possible to combine, in one and the 
same device, the throttle valve 4 92 as shown, for 
instance, in Fig. 12a, with the guide rail 592 shown in 
Fig. 13. 

It will be appreciated that many modifications of 
30 the above-described embodiments of the invention are con- 
ceivable within the scope of the invention as defined by 
the appended claims . 

The embodiments with rectangular apertured plates, 
as described in Figs 1-4, Fig. 6 as well as Figs 7-9, are 
35 well suited to produce module systems. Consequently, for 
instance 2-4 units of the device 1 can be built in paral- 
lel in order to jointly treat a flow of flue gas. 
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The above-described embodiments all have rectangular 
apertured plates. It will be appreciated that it is also 
possible to make circular, semicircular or sector-shaped 
apertured plates and arrange one or more outlet boxes 
5 along a lateral edge or part of a lateral edge of such 
an apertured plate. 

In the embodiments described above, the flue gas is 
passed horizontally under the outlet box. It is also pos- 
sible, but less preferred, to arrange nozzles in the wall 
10 of the outlet box facing the inlet 2 and, thus, let the 

coolant flow cool the essentially vertically flowing flue 
gas . 

The apertured plate 8 can be made in several diffe- 
rent ways and of a plurality of different materials. A 

15 specially preferred way is to design an apertured plate 
in the way as described in WO 96/00122. In apertured 
plates which are made of polymer material, a low tempe- 
rature of the incoming gas, which can be achieved with 
the present invention, is a condition for the apertured 

20 plate not to be destroyed. 

The mammoth pumps can be replaced by some other 
type of pump, for instance centrifugal pumps or propeller 
pumps. However, mammoth pumps are particularly preferred 
thanks to the simultaneous oxidation effect and their 

25 capability of operating with high solids contents of the 
liquid, without being subjected to excessive wear. 

The embodiments described above are used for clean- 
ing of flue gases from a coal-fired boiler. It will be 
appreciated that the invention is also applicable in 

30 other processes where sulphur dioxide is to be separated 
from a gas. Examples of such processes are firing of oil, 
peat, biofuel and waste, such as industrial and domestic 
waste; metallurgical processes, such as steel and copper 
manufacturing processes; cement manufacturing processes 

35 and refining processes, such as oil refining and natural 
gas refining. The device can also be used for absorption 
of other substances together with sulphur dioxide. Exam- 
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pies of such substances are hydrogen halides, such as 
hydrogen chloride , hydrogen fluoride, hydrogen bromide 
and hydrogen iodide; bromine; heavy metals, such as mer- 
cury, and other compounds . 
5 The absorption of sulphur dioxide can be performed 

using a plurality of different absorption liquids. Exam- 
ples of substances which when mixed with water are suit- 
able for separation of sulphur dioxide are limestone, 
lime, dolomite, sodium hydroxide etc. The device is thus 
10 not limited to a special composition of the absorption 
liquid. 
Example 

This Example relates to a test on a pilot scale 
involving a device of the type described above with 

15 reference to Figs 1-4 and 5a. 

The apertured plate 8, which was made of polypropy- 
lene, had a thickness of 30 mm and a free hole area of 
about 3.6%, the holes 10 having a diameter of 22 mm. The 
holes 22 were bevelled at the underside 4 6 of the aper- 

20 tured plate 8. Limestone, that had such a grain size that 
about 96% passed through a mesh of 44 pm, was supplied to 
the container 34 in the form of a 25% by weight aqueous 
suspension. Additional water was supplied to the con- 
tainer 34. The absorption liquid 36 in the container con- 

25 tained in operation about 13% by weight of solids and had 
a pH of about 5.4. 

Flue gas 4 from an oil-fired power plant was clean- 
ed, the incoming gas unsaturated with water vapour had a 
temperature of about 190° and a sulphur dioxide concen- 

30 tration of about 2000 ppm. The flue gas 4 was passed 

through the inlet 2 to the gap 40. The liquid surface 38 
in the container 34 was adjusted to such a level that the 
gas velocity in the gap 40 was about 15 m/s. The pressure 
difference between the point A and the point B was esti- 

35 mated at 4 600 Pa. A first mammoth pump 50 fed a coolant 
flow corresponding to 3 1/m 3 of the current flue gas 
to the outlet box 20. A second mammoth pump 62 fed an 
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absorption liquid flow corresponding to 20 1/m 3 of the 
current flue gas to the inlet zone 78 to form the layer 
14. The height h^ in the inlet box 20 was 700 mm, corre- 
sponding to a hydrostatic pressure P± of about 7700 Pa. 
5 The circular holes 32 in the bottom 30 of the outlet box 
20 had a diameter of about 2 cm. The number of circular 
holes 32 was such that the velocity of the liquid leaving 
the holes 32 at the current hydrostatic pressure was 
about 1.5 m/s. As far as could be estimated in a visual 

10 check, the gas 4 entrained about 10% of the absorption 
liquid that left the circular holes 32 in the bottom 30 
of the outlet box 20 while the rest of the absorption 
liquid reached the liquid surface 38. In the course of 
the test, no clogging of the holes 10 of the apertured 

15 plate 8 and no incrustations on the underside 46 of the 
apertured plate 8 could be observed. A clear flushing 
effect, that was provided by the absorption liquid 
entrained by the gas 4, could also be observed on the 
underside 46. A measurement showed that the gas 4 just 

20 under the apertured plate 8 kept a temperature of about 
57° and was essentially saturated with water vapour. 
Thus, the relatively seen limited coolant flow was 
sufficient to achieve the desired cooling. The gas 16 
that left the device 1 had a temperature of about 55°C 

25 and contained about 22 ppm sulphur dioxide. Tests involv- 
ing changes of the flow rate of flue gas were also per- 
formed and demonstrated that the cooling zone 6 as well 
as the layer 14 operated in a stable manner as the flue 
gas flow rate was varied. 

30 



